











PREVALENCE AND MOLECULAR CHARACTERISATION 
OF VANCOMYCIN RESISTANT ENTEROCOCCI (VRE) 
















FSMB 2001 21 
PREVALENCE AND MOLECULAR CHARACTERISATION 
OF VANCOMYCIN RESISTANT ENTEROCOCCI (VRE) 
ISOLATED FROM BEEF 
By 
NIMITA HASMUKH FIFADARA 
Thesis Submitted in Fulfilment of the Requirement for the Degree of 
Doctor of Philosophy in the Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
August 2001 
u 
Abstract of thesis submitted to the Senate ofUniversiti Putra Malaysia in fulfilment of 
the requirement for the degree of Doctor of Philosophy 
PREVALENCE AND MOLECULAR CHARACTERIZATION OF 
VANCOMYCIN RESISTANT ENTEROCOCCI (VRE) ISOLATED FROM BEEF 
By 
NIMITA HASMUKH FIFADARA 
August 2001 
Chairman: Professor Dr. Gulam Rusul Rahmat Ali 
Faculty: Food Science and Biotechnology 
The present study was to isolate VRE from imported beef Tn Malaysia, beef is the 
major consuming animal originated food and most of the beef is imported from those 
countries where the use of antibiotics in the feed of animals as a growth promoter was a 
common practice and was licensed. Out of 150 samples, 17  (1 1 .3%) were positive for 
VRE. Sixty-seven (67) VRE were isolated from frozen imported beef (48) and burgers 
(19). The species identified were E. faeclum (35), E. faecalls (22), E. faecalls 
asaccharolytic variant (3), E. pseudoavlum (3), E. gal/marum (2), E. maldoratus (1) and 
E. avlum (l). Various plating media and broths were evaluated for the isolation of VRE. 
Azide Dextrose broth (ADB) with vancomycin concentration of 50 J.lglml for 48 h 
enrichment and plating on Slanetz and Bartley agar (SBA) with vancomycin 
concentration of 50 J.lglml was concluded best for isolation of VRE. In the present study 
antibiotic resistance patterns and the rates of resistance of 67 isolates were evaluated. It 
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was observed that all the isolates were multiple resistant and resistant to ten of the sixteen 
antibiotics tested. All isolates were 100% resistant to streptomycin, vancomycin and 
teicoplanin. Other isolates were resistant between 94% to 97% to other eight antibiotics. 
Penicillin, ampicil1in and chloremphenicol showed the least resistance namely, 26.8, 38.8 
and 58.2%, respectively. Hemolytic activity on horse blood agar showed that 29 out of 67 
isolates (43.3%) were j3-hemolytic indicating to have potency to be pathogenic. The 
plasmid profiling revealed that 39 (58.2%) out of 67 bear plasmids of the range 1.0 to 
35.8 MDa. Using specific PCR, vanA gene was detected among 65 of 67 isolates (97%) 
which is considered to make these isolates resistant to vancomycin. The molecular 
epidemiology of E. faecium and E. faecalis using RAPD-PCR technique showed the 
difference in the genetic relatedness of the strains isolated from frozen imported beef and 
beef burgers. It showed the genetic relatedness in terms of % similarity from the 
dendrogram prepared between all the strains taken into study_ RAPD-PCR gave high 
discriminating results between all the strains. The work clearly reveals that beef can be a 
vehicle for VRE in Malaysia. The need for intervention to control or eliminate antibiotic 
resistant Enlerococcu') from foods of animal origin has been made clearer by the results 
presented in this study. 
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Dalam kajian yang dijalankan, adalah bertujnan untuk memencilkan VRE daripada 
daging lembu. Daging lembu dipilih sebagai sumber sampel kerena ianya dimakan oleh 
sebahagian besar populasi dan kebanyakan daging lembu diimpot dari negara-negara 
dimana antibiotik-antibiotik banyak digunakan dalam makanan haiwan untuk 
menggalakhan tumbesaran yang cepat. Enam puluh tujuh (67) VRE dipencilkan dari 
daging lembu mentah (87) dan yang telah diproses (63). Spesis-spesis yang dikenalpasti 
melalui ujian biokimikal secara konvensional adalah E. faecium (35), E. faecalis (22), E. 
faecalis asaccharolytic variant (3), t. .. pseudoavium (3), E galLinarum (2), H. maldoratus 
(1) dan E. avium (1). Berbagai jenis media, brot dan masa pengayaan juga telah 
dioptimiskan untuk mencilan VRE. Azide Dextrose brot (ADB) dengan vankomosin pada 
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kepekatan 50 J,lglml selama 48 jam pengkayaan dan diplatkan atas Slanetz dan Bartley 
agar (SBA) dengan vankomosin pada kepekatan 50 J.1g1ml didapati sangat baik untuk 
pemencilan VRE. Corak kerintangan antibiotik menunjukkan bahawa pencilan-pencilan 
yang diperolehi sangat rintang terhadap kebanyakan antibiotik yang diuji dan aktiviti 
hemolitik diatas agar darah kuda memenjikan 29 daripada 67 pencilan (43.3%) adalah (3-
hemolitik menunjukkan mereka mempunyai potensi untuk menjadi patogenik. Profil 
plasmid menunjukkan bahawa 39 (58.2%) dari 67 membawa plasmid bersaiz antara 1.0 
kepada 35.8 MDa. Dengan menggunakan kaedah PCR yang spesifik, gen vanA dikesan 
didalam 65 dari 67 pencilan (97%), yang menyebabkan mereka rintang kepada 
vankomisin. Epidemiologi molikular H. faecium dan H. faecalis dengan menggunakan 
taknik RAPD-PCR unjukkan perbezann dari segi pertalian genetik pencilan-pencilan dari 
daging lembu mentah dan yang diproses. Ianya menunjukkan pertalian genetik dari segi 
% kesamaan dari dendrogram yang disediakan untuk untuh semua pencilan. RAPD-PCR 
memberi keputusan diskriminasi yang tinggi dikalangan semua pencilan. Adaleh 
dirumuskan bahawa daging lembu boleh menjadi satu pembawa VRE di Malaysia. 
Keperluan untuk pemantauan dan pengawalan kerintangan kepada antibiotik 
enterococcus yang berasal darihaiwan depat dilihat dengan jelas daripada keputusan yang 
rolehi dalam kajian ini. 
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Enterococci, especially E. faecium and E. faecalis, may be considered as opportunistic 
pathogens. Infections usually occur nosocomially in persons who are debilitated, have an 
underlying disease, or have received medical instrumentation. However the incidence of 
infections caused by enterococci, their seriousness, and the increasing difficulty of 
treating such infections because of multiple antibiotic resistance, put these organisms 
among the most important emerging human pathogens. Sources of enterococci involved 
in human infection were thought to be from the patient's endogenous microflora� 
however, person-to-person transmission of enterococci in hospital outbreaks as we11 as 
stool carriage of strains has been reported (Moellering, 1991; Jordens et aI., 1994; Gordts 
et aI., 1995; Gin et ai., 1996). 
As regular inhabitants of the intestine, enterococci may serve as indicators of fecal 
contamination, and are therefore of particular importance in food and public health 
microbiology. E. faecalis and E. faecium have been suspected, but remained 
unconfirmed, as causative agents of foodborne illness (Dack, 1956; Stiles, 1989). Several 
strains are used as probiotics and others are involved in a number of food fermentation 
for the production of certain cheeses and other fermented milk products. They are 
associated with natural fermentations such as in olives and fermented African products 
(Olasupo et aI., 1994� Franz et aI., 1997) and enterococci may become the predominant 
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population of in-package, heat-treated meats (Houben, 1982; Bell and DeLacey, 1984� 
Andre, Gordon and Ahmad, 199 1). E. faecalis has assumed major importance in clinical 
microbiology as one of the leading causes of nosocomial infections, and both E. faecium 
and H. faecalis strains have developed resistance to most clinically used antibiotics, 
including the glycopeptide antibiotics vancomycin and teicoplanin. It is therefore 
important for food microbiologists to assess the significance of these bacteria in the 
foods. 
Here the study is focused on whether pathogenic enterococci can be transmitted by 
foods and cause disease in a hospital setting, particularly with emphasis on vancomycin 
resistant enterococci (VRE). It was also thought that VRE originated in hospital 
environment and that they are disseminated to the community, but several researchers 
have proposed the opposite (Bates et at, 1993, 1994; Klare et al., 1995a,b; Das et aI., 
1997). A proposed source of VRE is farm animals in which there has been ergotropic use 
of avoparcin. a glycopeptide feed additive (Klare et al., 1995a,b; Das et al., 1997; 
Simonsen et a1., 1998; Kruse et aI., 1999). VRE have been isolated from a wide variety of 
farm animals, and these constitute an important reservoir of VRE that could be 
transmitted to hospital environment via contaminated meat (Klare et aI., 1995a,b; 
Devriese et aI., 1996). Chadwick et ai. (1996) isolated VRE from chicken, pork and beef 
samp1es from retai1 markets in the UK and suggested that van A resistance genes may be 
introduced into the community via the food chain. VRE were also isolated from sewage, 
farm animals and uncooked chicken by Bates et al. ( 1994), and more importantly, they 
showed that blood and urine isolates from different hospital patients and a porcine isolate 
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shared the same ribotyping pattern. These findings strongly suggest that food 
transmission occurred and, as a result, two European countries (Denmark and Germany) 
banned the use of avoparcin (Morrison et al., 1997), followed by a European Union-wide 
ban (McDonald et aI., 1997). 
In the USA the situation with respect to nosocomial VRE infections appear to differ 
considerably from that in Europe, because avoparcin has not been licensed for use as a 
feed additive (McDonald et a1., 1997). A community prevalence survey failed to isolate 
VRE from healthy volunteers without hospital exposures and from environmental sources 
or probiotic preparations (Coque et al., 1996). In contrast to Europe, transmission ofVRE 
in the USA does not appear to be from the community to the hospital, and food has not 
been implicated as a possible vehicle for transmission. This raises the question of the 
source of VRE isolates in the USA. McDonald et al. (1997) proposed that undetected 
community transmission of VRE might occur at low levels. Alternatively, it was 
proposed that enterococci acquired vancomycin resistance genes from an unknown 
gastrointestinal bacterium (Rice, 1996; Morrison et aI., 1997). 
The important question is whether enterococci originating from food and community 
sources possess an equally pathogenic potential, or whether a difference in pathogenicity 
exists among enterococci from different sources. Using molecular characterization of 
resistance determinants for enterococci isolated from processed meat products and 
cheeses, Teuber et a!. (1996) showed them either to be similar or identical to 
corresponding determinants known from clinical samples. Valdivia et al. (1996) showed 
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that the incidence of antibiotic resistance, as well as aggregation response to sex 
pheromones, was much higher in clinical strains than isolates from municipal wastewater. 
Regarding the food chain, it is not clear whether and with which frequency VRE strains 
are transferred. 
It has been reported that strains of enterococci from dairy products do not produce 
hemolysin (Arihara et al., 1993� Giraffa, 1995), and it was suggested that absence of 
hemolytic activity should be a selection criterion for starter strains for dairy use (Giraffa, 
1995). It is now known that hemolytic activity is not necessarily associated with all 
clinical isolates; therefore, absence of hemolytic activity in enterococci isolated from 
food does not mean that these bacteria are non-virulent. So, in this study we have carried 
out on the presence of VRE in frozen imported beef, local beef, frankfurters and burgers 
and analyzed the distribution of different VRE species. We also investigated, whether 
enterococci isolated from foods has any potential for virulence by examining the 
hemolysin production. 
Antibiotic resistant enterococci have been isolated from foods such as raw milk 
cheeses, raw meats and sausages (Batish and Ranganathan, 1986; Knudtson and 
Hardtman, 1993b ). Perreten and Teuber et at. (1995) showed that enterococci isolated 
from Salami and Landjager-types of fermented sausage were frequently resistant to 
streptomycin and lincomycin, while isolates from Emmental and Appenzeller cheeses 
showed a high frequency of resistance to erythromycin, gentamicin, tetracycline and/or 
